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@ Medical locating apparatus. 



(g) In the medical locating apparatus of the in- 
vention, the main parallel link (A) and the sub- 
sidiary parallel links (B1.B2) are formed by the 
first to third links (11-12,14), the first to third 
sub-links (24,25,26) and the crank member (23), 
in which the respective links are interlocked 
with the corresponding parallel links, respect- 
ively. Accordingly, clutch (C) means need not be 
disposed to all of the connection shafts of the 
links, but they may be disposed only to the pivot 
locating relatively at a low position, to the con- 
nection shaft connecting the first auxiliary link 
(21) with the first sub-link (24) and to the con- 
nection shaft connecting the second auxiliary 
link (22) with the second sub-link (25). Thus, the 
links need not be operated by the respective 
heavy clutches, the present apparatus enjoys 
excellent opera bilrty, and such constitution is 
also preferred from the standpoint of stability of 
the entire apparatus. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a medical locating appa- 
ratus, particularly to a medical locating apparatus 
which can suitably be used in brain surgery. 

2. Description of the Prior Art 

As CT scanners and MR] scanners are becoming 
very popular, neurosurgery has encountered a turn- 
ing point Namely, the conventional diagnostic imag- 
ing such as cranial plain roentgenography and cere- 
bral angiography are now predominantly being re- 
placed by the three-dimensional diagnostic imaging 
based on computerized analysis data in the field of 
brain surgery. 

In order to reproduce such locational information 
specified on the image of CT scanning and the like, 
a medical locating apparatus which locates the site 
which needs surgical operation, as disclosed, for ex- 
ample, in Japanese Provisional Patent Publication 
No. 32771987, is employed. The medical locating ap- 
paratus of the disclosure consists of a plurality of 
arms provided on a bed, a plurality of potentiometers 
disposed to the joints of the respective arms and an 
indicating unit disposed at the tip of the arm, by which 
the site to be operated is detected based on the signal 
from the potentiometers. 

However, since the arms in such conventional 
medical locating unit are designed to be moved via 
the respective joints, clutch means must be provided 
on all of the joints so as to stop the entire locating ap- 
paratus. To dispose a heavy clutch means at a high 
position near the indicating unit is not preferred in 
view of operability and stability of the locating appa- 
ratus. 

Meanwhile, since the angles of the respective 
joints are detected by the potentiometers, the appa- 
ratus are not only required to have an A/D converter 
but also readily affected by the temperature change. 

Further, since the weight of each arm is not well- 
balanced, operation of the arms requires a great op- 
erating physical force, presenting poor operability, 
disadvantageous^. 

SUMMARY OF THE INVENTION 

This invention was accomplished noting such pri- 
or art technique and provides a medical locating ap- 
paratus which has excellent operability and requires 
neither dutch means to the joint which is brought 
dose to the patient nor A/D conversion, and which is 
not affected by the temperature change. 

In order to attain the intended object as described 
above, the medical locating apparatus according to 
this Invention comprises a first link ptvotally support- 



ed at the middle on the pivot assumed on a bed; a sec- 
ond link pivotally supported at the middle on the upper 
end portion of the first link; a third link pivotally sup- 
ported at the middle on one end portion of the second 

5 link; a crank member pivotally disposed to a connec- 
tion shaft connecting the first link with the second 
link; a first auxiliary link and a second auxiliary link 
both pivotally supported at one end portions respec- 
tively onto the lower end portion of the first link; a first 

10 sub-link, which is parallel with the first link, connect- 
ing the other end portion of the first auxiliary link with 
the other end portion of the second link; a second 
sub-link, which is parallel with the first link, connect- 
ing the other end portion of the second auxiliary link 

ts with one end portion of the crank member; a third sub- 
link, which is parallel with the second link, connecting 
the other end portion of the third link with the other 
end portion of the crank member; wherein the third 
link is designed to be rotatable on the longitudinal axis 

20 thereof and has an indicating unit at the lower end 
thereof; the pivot, and the connection shaft connect- 
ing the first auxiliary link with the first sub-link are 
provided with magnetic dutches and rotary encod- 
ers, respectively; the connection shaft connecting 

25 the second auxiliary link with the second sub-link is 
provided with a magnetic dutch; while the connection 
shaft connecting the second link with the third link, 
the rotary shaft, i.e. the longitudinal axis, of the third 
link and the rotary shaft of the indicating unit are pro- 

30 vided with rotary encoders, respectively. 

The locating unit according to another aspect of 
the invention further comprises a first counter weight 
and a second counter weight, which are provided to 
the other end of the first auxiliary link to protrude hor- 

35 izontally therefrom and to one end portion of the sec- 
ond auxiliary link to protrude upward therefrom, re- 
spectively; in which the first counter weight and the 
second counter weight interlock with the first auxili- 
ary link and the second auxiliary link, respectively. 

40 Incidentally, in the above and following descrip- 
tions, while the expression "link" substantially means 
the numbered link arm, it indirectly also means the 
linkage induding the link arm; and the expression "to 
pivot" means that the both end portions of the link are 

45 swung like a seesaw on the fulcrum assumed at the 
middle thereof, whereas the expression "to rotate" 
means that the link rotates on the longitudinal axis 
thereof like a drill. 

According to the medical locating unit as set forth 

so in the appended Claim 1 , first to third links, first to 
third sub-links and a crank member constitute a main 
parallel link and subsidiary parallel links. Since the re- 
spective links are interlocked respectively with the 
- corresponding parallel links, dutch means need not 

55 be disposed to all of the shafts connecting the links, 
but only to the pivot locating at a relatively low posi- 
tion, to the connection shaft connecting a first auxil- 
iary link with the first sub-link and to the connection 
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shaft connecting a second auxiliary link with the sec- 
ond sub-link. Accordingly, the links need not be oper- 
ated by the respective heavy clutches, the present 
apparatus enjoys excellent operability, and such con- 
stitution is also preferred from the standpoint of sta- 
bility of the entire apparatus. 

Further, since the angles of the links are detected 
by rotary encoders which require no A/D conversion 
and are not affected by the temperature change, the 
present apparatus also enjoys excellent locating ac- 
curacy. 

According to the locating apparatus as set forth 
in Claim 2, a first counter weight and a second coun- 
terweight are provided to project horizontally from the 
other end of the first auxiliary link and upward from 
one end portion of the second auxiliary link to pivot 
interlocking therewith, respectively, the links can be 
operated with a very small operating physical force, 
providing excellent operability. 

The gist of the invention is not limited to the 
above description, and the objects of the invention to- 
gether with the advantages, features and applica- 
tions thereof will be apparent by reading the following 
description taken in conjunction with the attached 
drawings. It should be understood that suitable mod- 
ifications or variations without departing from the 
spirit of the invention are all included in the scope of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows perspectively a medical locating ap- 
paratus according to one embodiment of the in- 
vention; 

Fig. 2 shows schematically in side view the struc- 
ture above and including the first link; 
Fig. 3 shows schematically in side view the struc- 
ture shown in Fig. 2, in which the third link is piv- 
oted; 

Fig. 4 shows schematically in side view the struc- 
ture shown in Fig. 2, in which the second link is 
pivoted; and 

Fig. 5 shows schematically in side view the struc- 
ture shown in Fig. 2, in which the first link is piv- 
oted. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the invention will be described 
below referring to the attached drawings. A patient P 
lies on a bed 1. (In Fig. 1, the bed 1 is depicted ex- 
tremely schematically.) A horizontal shaft 2 is fixed to 
the head end of the bed 1 to be parallel with the long- 
itudinal direction of the bed 1. The horizontal shaft 2 
is secured between a pair of jaws 3a, consisting of an 
upper jaw and a lower jaw, of an L-shaped metal fit- 
ting 3. Meanwhile, another horizontal shaft 4 Is se- 



cured between the other pair of jaws 3b, also consist- 
ing of an upper jaw and a lower jaw, of the L-shaped 
metal fitting 3 to be parallel with the transversal direc- 
tion of the bed 1. The clamping force of these two 

5 pairs of jaws 3a,3b can be adjusted by levers 5, re- 
spectively, so that the horizontal shafts 2,4 can be ro- 
tated on the longitudinal axes a,. a 2 , respectively. 

A first bracket 6 is fixed to the horizontal shaft 4 
extended parallel to the transverse direction of the 

10 bed 1 , and a perpendicular shaft 7, which is rotatable 
on the axis a 3 thereof, is disposed on the first bracket 
6. On the perpendicular shaft 7 are disposed a mag- 
netic clutch C, and a rotary encoder R v The angles 
in the apparatus of the invention are all detected out 

15 by rotary encoders which require no A/D conversion 
and are hardly affected by the temperature. A second 
bracket 8 is also secured on the upper end of the per- 
pendicular shaft 7, and another horizontal shaft 9, 
which is rotatable on the axis 04, is supported on the 

20 second bracket 8. The horizontal shaft 9 is also pro- 
vided with a magnetic clutch C 2 and a rotary encoder 
R 2 . A third bracket 10 having an L-shaped cross sec- 
tion is provided at the other end of the horizontal shaft 
9. 

25 A vertical first link 11 is pivotally supported at the 
middle onto the pivot X assumed on the third bracket 
1 0. A magnetic dutch Cs and a rotary encoder R 3 are 
provided on the pivot X. A second link 12 is pivotally 
supported at the middle onto the upper end portion of 

30 the first link 11 by a connection shaft a* A tip metal 
fitting 13 is attached to the tip of the second link 12, 
and a pivotal metal fitting 1 5 is pivotally supported on 
the connection shaft a« disposed to the tip metal fit- 
ting 13, the pivotal metal fitting 15 being secured at 

35 the middle of a third link 1 4. The connection shaft oe 
is also provided with a rotary encoder R4. The third 
link 14 is attached to the pivotal metal fitting 15 to be 
rotatable on the longitudinal axis a 7 thereof. A lever 16 
is formed integrally with the pivotal metal fitting 15 to 

40 project upward therefrom, on which a rotary encoder 
R5 for detecting the rotational amount of the third link 
14 is mounted. (It should be noted, however, that the 
rotary encoder Re is depicted intentionally smaller 
than the actual relative size for clearer understanding 

45 of the relationship with other parts.) Incidentally, the 
tip metal fitting 13 has a notch 17 for avoiding inter- 
ference with the upper end portion of the third link 14. 

An indicating unit 18 is pivotally supported by a 
connecting shaft a* as a rotary shaft to the lower end 

so portion of the third link 14. The indicating unit 18 is 
provided with an indicating needle 19 and a counter 
weight 20 on each side of the connecting shaft a* so 
that the weight of the indicating needle 1 9 and that of 
-the counterweight 20 may be balanced at the connec- 

55 tion shaft a*. The connection shaft a* is provided with 
a rotary encoder Re- The main link system is as de- 
scribed above, and sub-link systems are combined 
therewith. 
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Namely, a first auxiliary link 21 and a second 
auxiliary link 22 are pivotaJly supported at one end 
portions thereof on the connection shaft ag provided 
on the lower end of the first link 11, respectively, the 
former being longer than the tatter. A crank member 
23 is also prvotally supported on the connection shaft 
05 connecting the first link 11 and the second link 12. 
The connection shaft a 10 provided at one end portion 
of the first auxiliary link 21 and the connection shaft 
an provided at the other end portion of the second 
link 12 are connected by a first sub-link 24 which is 
parallel with the first link 1 1 . The connection shaft a 10 
is provided with a magnetic clutch C 4 and a rotary en- 
coder R 7 . A first counter weight which can be piv- 
oted interlocking with the first auxiliary link 21 is pro- 
vided on the magnetic clutch C 4> disposed on the 
other end of the first auxiliary link 21, to protrude in 
the horizontal direction. A second counter weight W 2 
which can be pivoted interlocking with the second 
auxiliary link 22 is provided on the connection shaft 
ag provided at one end portion of the second auxiliary 
link 22 to protrude upward. The connection shaft a 13 
provided at the other end portion of the second aux- 
iliary link 22 and the connecting shaft a 12 disposed at 
one end portion of the crank member 23 are connect- 
ed by a second sub-link 25 which is parallel with the 
first link 11. The connection shaft a 13 is provided with 
a magnetic clutch C 6 . Further, the connection shaft 
a u provided at the other end portion of the crank 
member 23 and the connecting shaft a 16 of the lever 
16 of the rotary metal fitting 15 are connected by a 
third sub-link 26 which is parallel with the second link 
12. 

As described above, in the apparatus according 
to this embodiment, the connection shaft as -> con- 
nection shaft -» connection shaft a 10 -» connec- 
tion shaft a 1t constitute a main parallel link A; the con- 
nection shaft as -+ connection shaft ag -> connection 
shaft a t3 -> connection shaft a 12 constitute a first 
subsidiary parallel link Bi; and the connection shaft 
as connection shaft a« -+ connection shaft a t6 -> 
connection shaft a 14 constitute a second subsidiary 
parallel link Bj. 

The action of the mechanism will now be descri- 
bed. The structure above and including the first link 
11 is designed to be rotatably in the vertical and hor- 
izontal directions with the aid of the shafts a, to a*. 
Referring now only to the action of the sub-link sys- 
tem, when the third link 14 is pivoted on the connec- 
tion shaft eta. as shown in Fig. 3, the shape of the sec- 
ond subsidiary parallel link B* and that of the first 
subsidiary parallel link B, are modified, and the 
amount of modification (i.e. the pivoted angle of the 
third link 14) can be detected by the rotary encoder 
R4. Further, this motion can be locked by the magnet- 
ic clutch C 5 . The third link 14 can be operated with a 
small operating physical force with the aid of the sec- 
ond counter weight W 2 . 



Next, when the second link 12 is pivoted upward 
on the connecting shaft 0$, as shown In Fig. 4, the 
shape of the main parallel link A and the second sub- 
sidiary parallel link B? are modified, and the amount 

5 of modification (Le. the pivoted angle of the second 
link 12) can be detected by the rotary encoder R 7 dis- 
posed to the connection shaft a 10 . Since the crank 
member 23 is not pivoted in this process, the vertical 
posture of the third link 14 can be maintained as such. 

10 Incidentally, this motion can be locked by the magnet- 
ic clutch C 4 . Further, the second link 12 can be oper- 
ated with a small operating physical force with the aid 
of the first counter weight W v 

Subsequently, when the first link 1 1 is pivoted on 

15 the pivot X to modify the shape of the main parallel 
link A so as to bring the third link 14 farther, the piv- 
oted angle of the first link 11 (the shift of the indicating 
unit 18) can be detected by the rotary encoder R 7 . 
This motion can be locked by the magnetic clutch C 4 . 

20 Further, the first link 11 can also be operated with a 
small operating physical force with the aid of the first 
counter weight W,. Besides, since the crank member 
23 is not pivoted either in this process, the vertical 
posture of the third link 14 can be maintained as such. 

25 Meanwhile, the rotational amount of the third link 
14 on the longitudinal axis a 7 thereof can be detected 
by the rotary encoder R*. while the pivoted angle of 
the indicating unit 18 can be detected by the rotary 
encoder R«. Accordingly, the location of the tip of the 

30 indicating unit 18 can be detected based on the sig- 
nals from the respective rotary encoders R : to R 7 , so 
that the tip of the indicating unit 18 can be guided to 
the desired point based on the positional information 
from the CT scanner and the like. Besides, in the ap- 

35 paratus according to this embodiment, while the re- 
spective links can be operated freely on the pivot X 
and on the other connection shafts 0$..., the motions 
thereof can be locked by the magnetic clutches C 3 to 
C 6 disposed therebelow respectively. Accordingly, no 

40 heavy clutch means is needed to be disposed to the 
connection shaft a* which is brought close to the 
head of the patient P, providing excellent operability 
and stability. 

The constitution of the medical locating appara- 

45 tus according to this invention is as described above, 
and the main parallel link and the subsidiary parallel 
links are formed by the first to third links, the first to 
third sub-links and the crank member, in which the re- 
spective links are interlocked with the corresponding 

50 parallel links, respectively. Accordingly, clutch means 
need not be disposed to all of the connection shafts 
of the links, but they may be disposed only to the pivot 
locating relatively at a low position, to the connection 
shaft connecting the first auxiliary link with the first 

55 sub-link and to the connection shaft connecting the 
second auxiliary link with the second sub-link. Thus, 
the links need not be operated by the respective 
heavy clutches, the present apparatus enjoys excel- 
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lent operability, and such constitution is also prefer* 
red from the standpoint of stability of the entire appa- 
ratus. 

Further, the angles of the links are detected by ro- 
tary encoders which require no A/D conversion and 
are not affected by the temperature change, the pres- 
ent apparatus also enjoys excellent locating accura- 
cy. 

Moreover, since the first counter weight, which is 
disposed to protrude horizontally from the other end 
portion of the first auxiliary link to protrude and can 
be pivoted interlocking therewith, and the second 
counterweight, which is disposed to protrude upward 
from one end portion of the second auxiliary link and 
can be interlocked therewith are provided, respec- 
tively, the links can be operated with a very small 
physical force, providing excellent operability. 



Claims 

1 . A medical locating apparatus, comprising: 

a first link pivotaliy supported at the mid- 
dle on the pivot assumed on a bed; 

a second link pivotaliy supported at the 
middle on the upper end portion of said first link; 

a third link pivotaliy supported at the mid- 
dle on one end portion of said second link; 

a crank member disposed to a connection 
shaft connecting said first link with said second 
link; 

a first auxiliary link and a second auxiliary 
link both pivotaliy supported at one end portions 
respectively onto the lower end portion of said 
first link; 

a first sub-link, which is parallel with said 
first link, connecting the other end portion of said 
first auxiliary link with the other end portion of 
said second link; 

a second sub-link, which is parallel with 
said first link, connecting the other end portion of 
said second auxiliary link and one end portion of 
said crank member; 

a third sub-link, which is parallel with said 
second link, connecting the other end portion of 
said third link with the other end portion of said 
crank member; 

wherein said third link is designed to be ro- 
ta table on the longitudinal axis thereof and has an 
indicating unit at the lower end thereof; said pivot, 
and the connection shaft connecting said first 
auxiliary link with said first sub-link are provided 
with magnetic clutches and rotary encoders, re- 
spectively; the connection shaft connecting said 
second auxiliary link with said second sub-link is 
provided with a magnetic clutch; while the con- 
nection shaft connecting said second link with 
said third link, the rotary shaft, I.e. the longitudi- 



nal axis, of said third link and the rotary shaft of 
said indicating unit are provided with rotary en- 
coders, respectively. 

5 2. The medical locating apparatus according to 
Claim 1, 

wherein a first counter weight and a sec- 
ond counter weight are provided to the other end 
of said first auxiliary link to protrude horizontally 
io therefrom and to one end portion of said second 
auxiliary link to protrude upward therefrom, re- 
spectively; said first counterweight and said sec- 
ond counter weight interlocking with said first 
auxiliary link and said second auxiliary link, re- 
ts spectively. 
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FIG. 4 
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